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(54) ELECTRO-OPTICAL WAVEGUIDE DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an 
electro-optical waveguide device which is made extremely 
smaller in size as compared with the prior art and is 
improved in performance. 

SOLUTION: This waveguide device has a device 10 
formed of a multilayered structure and includes a 
waveguide core layer 18 sandwiched between two light 
confinement layers 16, 32 having a low refractive index. 
This waveguide core layer 18 is part of diode structures 
16, 18, 32 and turns to a charge carrier depletion layer 
under the reverse bias impressed by the light 
confinement layers 16, 32. Grooves 20 forming the 
individual waveguides 30 of the array extend to at least 
part of the waveguide core layer 1 8. These grooves 20 
house media having the refractive index lower by at 
least 1.5 than the refractive index of the waveguide 
core layer 18 in order to prohibit the optical coupling 
between the adjacent waveguides 30. The waveguides 30 
consist of an electro-optical material designed to 
prohibit the output of unnecessary space modes. The 
device includes the array of such waveguides 30 with 



which the electrical biasing is possible. 
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(57) imm 

[ffft^S] (a)x^x(10)^#S*ifCfcl?, 
B*f$S:Wt 6 2 o<D)tm C&fcl (16, 32) (DRSJUHJ-y 
K>f y*-**ifc*«* = TJi(18)«r£*, (b)#^?g = 

(isj^y-f^— K*ig(i6.i8.32)tf>-8is-c&!9* ffl 

(16. 32) fcfl- LTfWJD $ nfciS^^ T xTKffi 
\) 75511:4 0, •(e)7M©fi*©*ftB(3 
0) it (20) #Sttfc|&=rTJi (18) < 1 t>- 

«|5l:3itJ«T4o<3, »*(20)*s. l»^5*«K(30)KiWO 
*H#trliJh-f*fc»liWK»=71(i8)fl!>JB*r**r*' 
*< i fc1.5T@-5)B#f*Sr*+-5^fl^iR$L-CtJ 
9 , (d)»«»(30)-4S'FR/jjffira*- K»»*SrBl±i- 

»*»&rt5m«Wl^<>(7XprgS**jfil8(30)r WSr 




RWk^-T 6 2 oOftPS C&#>1 (16, 32) OdfctV 
K-f yf-$*ifc»«K = Tl(18)«rd*. <b)*KK = 
TH(18)*S^*- K«ag(16. 18. 32)CO— t»t?*> «9 , S3 
U-jife® (1 6, 32) LTI=PJ!)D SftfciS'-H' T x Tl-ffi 
«dr*y7££«lwft>K <c) 7 l"f G 
0) ^figf 5 m (20) 3 7® (18) <D'>t£ < £ t - 

mmv-xa*), &mmt\ »£5*«k(3o)<bm<d 

ft&£&fB.±i-Z> fc *K£8iS8 => 71 (18) (DB$f$£'> 
fc< £fc1.5T®SJgft¥£#1-fc&fC : £:<&£L-C:fc 
t>, (d)»»BS(30)^3F»*ffinB*-. KOfflAtrBUI:* 
5 i 5 K« W- S V ^5 ^ * t i" 4 «ft W*t 

W»&*5t«ttfc^ r ^^tib*»»K(30) rw?: 

Il»**2] *R»(30)i*MB5;i*i»€:#U *£5 
•ftlSO^-Cf *20 1 *ttJttH LT*J 19 , X tff'M' * (1 
0) <Dm$i&<n i S SffiK^ft-C?*) 5 £ £ » £ 1"5 

[»**4] T f /<^^(10.150)W>^< it-SP^s, 
lfi*»i««$ilfcea»Ali-.A$3R©^*****H(16. 18, 1 
58~ 1 66) tf|j$ $ ixT V * -5 r £ £ 1" 5 »** 1 

[ifjfcJgs] (32) wiori*, 2g&&=>7 

«(i8)iw*r-r^v'a y hA—mmr-h^zti^mt-r 

<£>GaAs^ib/&9, ^^Cji*®(160, 164) ^GaAl Astf^ 

IBI**7] *Htii»Ji(16.160)©lo^ 
(30. 152) O&A lZ}t®X'& iZt Z¥f® £ 7 5S8#« 5 

[M*«8] VftBOO)**, »»»37li*m«)*ii 
i^ft»WiE(24)rtl^*03t(a^«iS«B«Sr#-r5r4 
Srfl#ai-f--5il*«4*»P>7©v-fix^-3SlcE«07 f 

[St*«9] *SI5(30)a*. K(34)& 
K'<? Kfc*ttSnfc**(33)S:^UT/W7 

^nrBgT-fc 1 ?, tfVK^y F(34)l4fv^* (10) 

gg (30)i|x^«i^coJlll(-SeK^ ix, #*&(33) lir/^ * 
(10)(D^A^^(41)l-^fcoT5SU t Ti/^ r £ 
£1" £SS#Jf 1 frh 8 O^-f ti^^-fllclBlfecOT/^ 

Oj g«*«K(222)7 U"fWA*«*»ca 

SS (222) ©^t*u»» ioi;io rst?iir-io§fi 

&S&7 W ■Cjert-aiflE/i^'f >lHlff n-y (46) 



(2) 1 0-6 2 8 2 5 

2 

d £ £!&&£ ■f5SI*JS 1 i*b 9 ©V^-fix*»-«lilE« 
;*.„ 

1] «***fl«***K(20e. 222)^*8* 
#£l«it(200) £ UOBfilt SflTV * 5 i-f 
•5IS*Jl10tc|2«t«r 

[»#>Sl2] S**ft«(232)^A*««tw*/J^tt 

/o ltm«Sr*L» Ltt»l«li (VI) 0****^1**+ 
S**©/^ T*««CV1~V7) Sr«^.fcmfi©**K«1 
~W7)Sri»^jiA/T*3t), fHE»(Vl~V7)*s*a«)T-*- 

tlfc-r x ? * 8* (01 ~07) ££trr T 7 9 7 W (41 8) \Z 
-»U:*3ti$ii, xr??7 1-^(41 8) X>\ 77a ^A 

Hfcif *§-#yi¥IS:(420) icftjK^tiTVS w £ $r«Fit£ 

20 [11^14] «*ffla*a(420)^, ^r^^ffl 
^(g#Sr*lpff#U"</H-«:lzi-51t«S!¥S(426) £^ 
tf- £ Sr#jSSc£-f-5it*«l3liiEtt<7)T ? ^V ^ 0 

[IS*«15l ^*S§(W1~W7)^**W^2^-Y7^ 
miS(C1~C7)?r-g-^, ^m2/W7^affili, 7^n^ 
A^mffiO© £ # ^aw^jKKJb^^*^ t w 
£ Sr#SSt £ "t i> W*«1 3 * fc 141 4lc|2« Of -'W ^ . 

[si!#Jl 16] ff^TK (430, 440) & 2 i*5cT* 

ts £ -t 5 ss*«i 3^ e> i sco^-f n*>-^i-ia«<7)r 'U 

30 * 0 

[HM1 7] xt 1 ^^7^(400)^^u-^3-K 

i 8 ] =■ r -c«ff«iuitt 

^#S(m1~m4.V1~V4)lC^LT*>'*), #$E2§<affl*> 
W*BTU-f (452)<D^-J-'J^y 

40 14, ^*©/W7^®ffi(V1~V4)iJS2ii»J-»lSi _ 5 2 

ffi^?ig!4. «ffi«ffi(V1~V4)lC*tJCf 5 2if»(C^o 

(466, 468) K J; o T^ttJS.0 ; ai» $tv-5w£€r1#f|i[£-r 

[It*«19] *«K* 5 .,**Wl:ffi»(502i~5025) 
$r*L. »^5««»tt. RFA;f> (514) £ £1-55^- 
V(512) *r«*i-*** C0*SiHJlSt(RF) -f * (512. 

50 ~5l24)lr^L-CS:vN|clga§n, jiiSK(4. **»f 
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3 

-rsfcftK, w«[i«tf»3»«J«"ttttiwfts*ft*:*ri" 

8 * (504) -C W«K«rflR»+ 8 J: 5 HR1+ S JxT v ^ 4 n 
2 0] TM (560) CD^^&JS (562) * 

7»<oAta***(564. 566) 4r*-rs r t £«H&<t-f 8 

[it*«2 1 ] #a« (404) bit S:££L#ffl@*f 
«««fc:>*>f 7 * nTl34:«KK On 7W 

(a)ft$nL[ntt1^in-eTU"f *<7)WiftK#*Sr*U, L 
tttR 1 «S (VI ) cog $ SttjH-] WfcRB'M T^li (VI 
~V7) (b) S1ii¥(V1-V7) rtS#a<0T-J-n ^«JE 

7 W(D0~D7)aseg£iv (d)rf^7KW 

s®r^-n ^A^m/E(vA)ic^-r5T f H' s^/Hi 
W*iSK7 f /W^(400)o 

I«*«2 2] (a)xr^^m^Jt3t^(404)^e>^ 

*R (426) £ , (b) 7^ D ^A*>mJ£ (VA) #00) fc f iC 1 
o^xt^ * (00) lc*&BHft£ (414) $r*£^i--<< fi 
giJfc'V r * RT*B4#»ftB (W1 ~W2) £tf>Sfl 2 'V T * 
W& (CI ~C7) t (c) rf * * 7 (430, 440) 7)5 

[«**2 3] *aat(458)3ft»fojt*rs#-raJ:5^ 
Rtt $ r * prtB*»s» (452) 

£ £{b * * 8 J: 5 fcRtt * titzmm^ 7 * ^tk (vi -v 
4) £tl1t£:* (O'U 7 (ml ~m4) \Z&£ L T 

V^^i £#f8 <b i- *«***ttW«B7 tf '<>f * (45 

0) o 

2 4] /q/^ (VI -V4) tf* 2 jgRlCttft 

rs«E«r*;iSJ:5fcRttS*i. «^©*ttBtt, » 

Bottles, ^rx^S(vi~v4)—cor-r i J9fc7<h 
£ 7-tu >f\tif]*4.7L 8 #«tfttii^» (468) t 

iB«(OT f /W^(450)o 

l»#*2 5] ^VWT^IS (502i~502s)^, 
ft»A*(514) lcSa»Sixfc^*->'(512)Sr»«-r6* 
/r(D^ V^^^ (512i-5124) J: oTSJ^^tl, *iiJt 

12) (c^*LfcfI^ih^yy >^SriTi5fc»l-** 



(3) . 1 0-6 2 8 2 5 

23(cE^cOT^>f ^(500) o 
[««oi»li4KiR] 

[000 1] 

pticaf beam steer ing) fcWufc Lfcffi3gO®^3t^W 
[0 0 0 2] 

[0 0 0 3] SS^WftJt^-^^Sfertr/M^fc^ 
Suhara, Nozaki^aNishihara^Pro 
ceedings of the IV th European Conference on Integ 
rated OpticslC^^ Ltzt<Dt^h^o tifv*'^ ^(^> <® 

itli K-7 p LiNb03^^fi5c5^^B^ti l o fe^tt-frS 
20 ttDflE^Tfe9, 5tW*S:«*-frU«)5«»tt(chirpe 
d)ffilB*l«R**1"6. «IWR(RF)****B«»K* 

Sr*RU, JfcfiitirfaEffffl-fS. tt^fe^S^ffi*^ 
Hz^/^v KB330MHzSrWi-8 o r^tr-Ajgrtx^ 

[0 0 0 4] mjsife^tttr-^jRrt^/W^Ji, R. A. 

Meyer J: oTApp I ied Optics, Vol. 11, pp613—616, 
March 1972tC!E«JixTV^ 0 ^X^^tt> ff£0. 1m 
^0 m, (g23mmS^ft $15mmOj£^^D y ^ (O^OLiTaOs 
IS*^5>J«8o ^0^23mmX15rTfn<7)ffill, #*)&S«0.2m 
mSr^rL^^WEBtO. 5nm^5ptT*46fi^«ffiSra»UT 

W3t^23mnXO. Imm^feftBtwA^ ^tlSS^fi^*' 
50 ^e0^^8^^T^1-87t^^-W4ffi^^$ 
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[0 0 0 5] Meyer tt. ft^SltO fcT-A«rttt«Ko 

tr-^ttBo«»»s/7 
ifcttgy^ftft^ttfW xJfcl^HBMI*.*:* 

i^ffl^tf fc * ica a -c* v ^ 

[00 0 6] t'-A^SgrtffioS^Jt^W^KK^M 
^S&flWfffttlli^O, 130, 859-^ (EPA 0130859) 
«Fll ; »1 f 592.050-S-(6B 1592050) iClBttStl/Cl^ 60 r 

££i:£-e:£<Z>T\ «-*ttB^6)Skm$iiS3t^*^ft 
iSLftnW&tiB\zS:<>XfflW£tiZ> 9 *»B*>Htfm, 

^oT^n6^ffi^ti05ffe J F^IB]«O^aPIel9f«*' 
»K**V^*Kffl**»6+»KraLfc«*K»«* 

[00 0 7] EPA 0130859f4^fi«#&tfiE*^««T; 

*<0!B2«ffi«:*-t-<5o jKJ100fl(91-101)(O8|L«BSrR 
*SixT^*. (*«B/«®tBSf^ffle*tt40imi^*) 

9, «ffi»j»«Ett±50V"C&5 5 o roxitt^igi^ 

W±(D^B^17ninJ&l±Tog|F^LTl^o $oT, 10 
V > £ fc ft: 1 o^ftgBtfc 6 miSfi $ fcJtflU" 5 #l£ 

U <7)*S CD 1 0{£~ 1 00{gtf>©ffl (flflW^EBK^f* $ il % 
Sft*. ftot, «tBT# 6 KOTMi. EPA 0130859(1^ 



(4) #F^¥l 0-6 2S2 5 

»HtfHfc*:»WM" fcGaAIAsT^ ^Sr§3^ LTl*S fc % 
^6ti^o wntt««Jt^W*«0B^«itl-ttffl1"S 

«r#tTV^4tt*ttf46ftv\ »W7Kt« 
ltiltf4 64V\ EPA 0130859<Dr'^*tt:-+fe& s &£ 

6^T*>5 9o 

[0 0 0 8] GB 1592050(1, U At^^ > 

£rte» $ r t K i o TJfcrit S Hfcm**^WW«B 

8|imO*^W*-^***l 2«(7>*ttB«r*L, m 
6 ^**B* t^lBEdfiP *> f y ^40 m m-CEfi £ ftfc 
fco-e&S. Be*5**BoiH. IP^TW^Wi: 

L*>Ltt**&* thJMtfciixtf, 
ft 1 . 06 fi m<DmUm®$T&&7*s U * (DffiUfr b 1 0cmCT) 

T-SrjB^ii/yT^^wt^^So GB 159205014, ^iSB 
T U OffM { ^GaAs Srffiffl 1" 5 W * X L T V > 6 0 

30 RLX^ft\<\ A&<D?t<, -X-fW)^ ^i^^O* 

v\ «ot, ra*^tr-A*rti«t«r#5fc»twtt, GB 

1 592050^?6 o TfPJB * tLfcGaAsx/^-f ^ f4fi £#J20cm 

«feO*JftBS:i6HE4:1-6"Cfci3. GaAs&ff 
0^tt^4*&B*«*>63Ocl!laJl l bRlratTV^5Tfc5 

[0 0 0 9] GB 1592050tiftf^&ftSr§lfflLT^*^ 
-CV>Si%X.6HS(«l^tfEPA 0130859#fiS) o -iltt 

SBt^>* < 1 1>40 A [ X (4 g S SBBttf^ftft] ^^i^BI- 
»J6"f*. ^ra*<o+*-C. rJx6^7j?«-#H:** 

i6A.xrj«8o^T**>5 5o mfev&<Dfflffii*s m&om$i& 

50 H0fe*«B*s*^»J-^*«^4W^tf*6ft 
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K Wit yf y^iiSSr*" 

fctefe-f'So »^jfcRl.06nm-C!tg-f5<tT^*li 
tt£ft< 1-£»S^fc5 1 tiiroyV^ xt7)t'-A*$ 

10 0 1 0] EPA 0130859&tfGB 1592050tt)te**^ 

t ir ffifgt J: o TffM £ MzMWk Srffiffl t T*5 *) . 
m&ffavfirimW&t LT&fflU fiftt>£? 

^mm-r n ? * ^b-c£-«i rnmaRtt 

fcSffiSrM^LTl^o lot, Slfli^n -y^^cDSI 

ft*5-m# zmmnft c z -& s ^ i #-e t ft v» t # 

[0011] 
10 0 1 2] 

W^^S^t^l' 7 **TtBft!*«»7 W Sr^tr 

/<-rr^T»-ffif«*-vyr©S!i«Sr»fifeu, (c)7u 
ft< tt-»^#t;a«!»sRite>*i-ci3ij. ^*»±i?si-g- 

[0 0 13] **8©fijjfttt, $££fc*Kit&LT&* 

mffil^*H- S=S-«i6Kl*! o«JU»ifta'S&£ifii $ ft 
•5. t^tLT, ^©HJll^LTttSW-^^ 

j6t^-t* fe 9 mm® = r i ©J? £ j-sert s n * .. 

V^IHItt©lt«FS:fi-e-fC*«ft3t1£»»(tSr4-x.S. ft 
ot, BJrWk^o. l*SSroSEJtS8flf<fc 9 (>«* LT 



(5) #M?1 0- 6 2 8 2 5 

<? 

{kail's. #«9ll±» I65A T , *-MKI6lit2<U*?S[ffi 
«I^T-fo5 0 ^a-r5*l6W©loO|ltero^llili, 46 
#*fcQaAti»»»3TlSria*aA/-C*s9. A =1.06;* 
fliAtDSft «f»TM . 8mn*«(D©IHC^^<Oiim»lH!Sr« 
*8Hftlot. f£*<B*i*{*t>*-^±K-t0><fe©« 

^-ffc. tmi;r<fcftlf. rox^^liiGHz^+^lc± 

[0014] »* l^*«»»«-c»4. fc<r>nm&m% 

(n=1)Tfc»), **W«t'>4< ittt^Wli. #*i5Ga 
x Al i - . As^ (n >3) frbtfL *J NI9:tc:tt« $ ixit *m&tt& 

20 t^F«T*# 4^Sft©*tt*Sr^ C 5 C t ft < »*K©IH 
[0015] ^ KfltitttW* W^ffiWv' 37h* 

AsT*J;< . m2CD3tefflC&*e«:Ga«Ah-«AsT?«fcVV <® 
f>ft, #->a y h*-«ttli*>*^MT^¥g:lc:»^ 

Sftrt^„ 

JO [00 1 6] Sfctl^*- F«jg* 5 PIN«it-C{>J; 

rro«jtHGa«Ali-.Asd»f>^53tfflC^«>Si 
GaAs^S??S = rS^^tf. 

[0017] Kxommmm^ts^xitmm^^rm 

40 m^l-W^ftfc^i-X KT W^T (phased array) t 
[0 0 18] *J8WH, -WjftK^foWJtSraftwrfct 

50 [0 0 19] WttKTi^-ftt, ^»f*«»r>*-^©JS 
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So 

[0 0 2 01 2tfe5c^3fetf--A3lrt«:fT4 5fc«)(-*« 

EMfc<0RBaM»fe*L*. r<&«Btt&»::J& 
[0021] *«Wtt, IMf^rt^-fr^^ 
[fit, Ltt*tei/^«ffi«>ft*-e*>-!9. nttia»e>nr?*> 

*aA*C0T^n^{S#O|B«(magnitude)l^tt5o 
IE"*-*. <D«3E««S:*L. ^fcEMSft 

[0 0 2 2] »ft& = 7JlMU *««ft-etMHRftttO 

tt»*»e>*oTtJ:^. f^f^ 

<B><rOz»aEte^W-Mi -Mb 
inary doubling scheme) T^ti"*** 

i*«S7 kuv^^i:ee^*l, ««7 ku^^^ie 



(6) *SfI«¥1 0- 6 2 8 2 5 

[0 0 2 3] »«KT^tt, #*«K«C»tt*^t* 
T^V 7*£tif#<5o tfv K'<y Kf±iWSK*:*tP7 f /< 

70 [0 0 2 4] **W«rJ:9+»l-3S*i"*fc»^* *^ 
[0 0 2 5] 

* 0 jfM»l2tt^^^ioo|»»**Sr*-r. 5^*10 

CD&ROSi K~^V hjg£telXl0 ta cm- 3 T*&6o n + J#G 
ao.gAlo. i Asa>k$£/¥£ 1. 2 jtz m^^SK^ 9 y 7 << V 

[0 0 2 6] Hi:<J|[$1.2/im^)»i6te = 7»18^^5 

(*K— ^aSn-^)GaAs^6>jS;9, Si K— bWJEtt 
iXlO^cm-^fo^o 114.16, 18ii-f^<r, Ga*Ah-xAs 
*TfeSi%ATJ:<, Ji14SW8"rttx = 1-C*)0, 1 
16t?^x=0. 9TfcS 0 ft Si. 8mm, /im^^2/zm 
Oj»20idSJi18^±ffi22|c:Kttbtt-Cl^o »20«, 7^ 
50 -f ^10OflfjB24^e>aS* L*¥**«26&tfgBfc**S 
28S:*r-r5(H^Ltt^)¥fT4*ffiiS< £XWTl>5 
tfffBKSjaiiUTWj^ iK20Ot^jftM: ! ffrffi^)iHI26 
^b400/imgi^LT^5o *H Mm&WfiSl. 8mn^ U -f 

[0 0 2 7] #*«K30(O±iBttr/U5 = »>^)i32-C* 

r 10H11 e^fg20l^ J: otMJ nfc^tf 
lOfiO«»teS:*Lr*5 9, 01X*|i2o(O*KSSi: 3 
40 o^?f$rm^LTV^e 0 *WttK30tt*^ (07/1/5 = 
Al32t*v hv<y K34££*U K^^ Ktt, 

*^rODC^7^«ffi»tw«ttStLT^*o s^TXm. 
EJSS: 1 ofc**t«F-g-36"C^i- 0 ««14li7-^38tClfttt 

[00 2 8] ^10OWE24X^S26/28li)t^ 

X, W«B37JBl8ttjB*KGaAs<Oi?BI|ffi*»&rtS»«8 

50 T0*»fe©*S4Ot?**ttStt*1.O6/ima>Jfea5»BSrJ!a 
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So fttfOlttf ®26/28W^(7)!gKiS118l-iSSl n 

tt»SI8OA***»?>400»t«PiW I/O**. fctefcli* 
#5/ h*>e>*«K30*-e*fti-5. T'<-T *©W®26/2 

42T*^ £ixS, fcf--M2ttt$& Lr'M *10A»t, £ 
Wrt<O*/J^fiiOOMmir*aOjSa»0*rt644Sr^i- 
5. $4414, ^fc©3fe3£g<f;*:46£ 2oWS]?fc#Jlg*4 
8.504&W1-5. -20*;6»e>+40 - ©flB&952l4, 
^E24/4»ib500MmCOffiilT' © CO &*46£50i ©|BJ©R1 

10 0 2 9] ^W^IOOlhf^*- KfcETFtelWll" 
5. #3J»c«S30l4, «tfi1.06Mm-eBSfSpn=3.46On-JI5 
GaA8*>P)fiR5. K»*Ktt. W«iB(*)*a«(n=1). 
^3«E(±E)ii5T/l'5-^A(n<1), S?4©B(TE) 

j£S§©i*3gl53:ii£r *ttrttt±E#tU: J: ot«* 

3i^T-fc5 0 IHtIW0©IBO3iat#SrlUfci" 
£«fc?U:, «M*»»±»*K3rJIi80B*f*Sr'><C< t 

[00 3 0] #*&&30rt©*tt*¥#t*!"CI4J*©{l!IE 

^Sffi32SU ! GaAIAsH6^<t- 5 TMi:ii«)&HS. 
*B*S|SlS«Jg©«BrESr*-r5»^ *- MtJHME 
E (x, y) 14, * Wc#Eh (x) (xommm t Sffl£#Ev 

E (x, y) . Eh (x) RtfEv (y) & * * 7 i & £i" 5 ) . 

%xt «t < , siEfi!c»Ev(y) tt^fs-rs rsa^- KJ k 

#xXiV\ r©fc#>, Z&7cgl&£ 2 -oco-&SfH$: 
il-toTagj&Jg^-- K©fey*£fffi£ 

K*»e>it*TOI£»iS*i*» (+ * fctt - 0>*R*fcl*ilA» 
oT)HltiUlKittt, *-KriHC&»*~ 

[003 1] «-«SK30l4JSaiJt L"C, 7K¥&tfSiE© 
*18Wff^l6]i;**SaSU {S l l tT't*- K*$i5. 



(7) 1 0- 6 2 8 2 5 

72 

KrtSBicMCjifcf.tiSo r/w$-->^l32ic*5v*rfc 

[0 0 3 2] #W«IS30rt«)*>{>fi»:©Sa:*- KKH 

iry KT-fcD, GaAIAsSl6rtfl4^^<^S'-fe> hT"fc& 
/0 A»*fcttfi»+'5. L*>L*^e>QaAIA$Ji16«)l»Stt, 
Jftfcffi&roSiE*- K^PBCiifefcttteV*- Kit. w 

[0 0 3 3] »£*-K©#tS£*fl8ttll::, i£i£S§30l4 
vm7)-C-1£-;K¥*- K©»f^4r*S,-t5-i^*^f-«4 

IB)*- K^feJ***-*- KI^Rit^itfctB^Sr^S ~ 
tltm^T*5o 

[00 3 4] ^gftftft©* 5 ^- K-e««K30^P>!i> 
ft«JO*!ll*^ta**ix6rt«rI5Jl:1-5*:»lc. ^ti 
c,©*- KOA*»«r««-C* 6gSl-S^-r?> 4 r> I- 

S. r/<'T^10© , WB26/28lcASt-f 63t40lt, ItKW 
»v^B!n«c«:#i-S(BI*U*v^)*IB»^>'X*>e)S8 
StL5„ 7fe40(4, ^B26/28±COilSlMni©7t^'Ky h 

It, ^-¥^(*#B26/28T*B»f^4x, *iiA^)^41 
l-lS^^)12*<0^->?r±D5„ rco^2©="-vco 
*¥*|6l<Sffllt, A^E26/28lc^UT*«l4'(^2')Sr 
*-T«ttK30©flMtt!:£.»J!ettHJ: 0 fcA#t\ 
30ltro^2 3->©f*«tSI-iaM$tL, RI23- 
VT?lt3tSSi s lil^--efc5. ttoT«-^iSK30lt, 
ejf^*tttc»LT3'5|5«©ffiAT-A^3fe©»SS:SS 

[00 3 5] »»»30«)*¥*- K©»*flt, »«SS© 
40 ttl^LT3-^©ftS©3tA^IC*fUTH^£l±©iii 

oTA*5tltlllf&t)ir7K¥®rt©*t©»:©^ISI*- K 
«ttSrBfi-f 4. ^KSOlcfSofc^©^©^^!-. 
^iSSSWR^©*^©^^!^!:©^^^^^-^ 
St^J: f5 «»:©*¥*- KK&JffiS-ltS. 
?ST*itr © t p ^i^«iit^ t<ev\ 
[0 0 3 6] H^i-^i, *teirtt®-cft^*»g&30 
It, *teR©*JpRWSia ; e-K^*RttKHCji«> 

50 *lt. /-<s/7 7®16©ai8]«ia^fflliJ:oTPI±$^, 



-7- 



13 

H^jt**S-cmSt^v^T\ y^K -to 

t#fWLfc, 

[0 0 3 7] i9Bii:«at«rt<, iW^Tl 

*#«rt*tt (BP *>®#/a#rtt) S O 
*«B30rtOB»f*atf*:Bft*i«»ft#tt^*>S. * 

[00 3 8J #**»30lC*5^r*B*Ltta 
L=nd (1) 

n = no-fnE (2) 

{bt^m#^ 1 ffcktttfJ LT^b t (aK s^5ry^ jft*) > tt 
#*>J*£tt«JM> 2 JRKlJtfl LT« <frf 5 <* HMD o 
rn&©*»HtW t«F*tr* LT <b <t < lift 6*F*fc* 

[0 0 3 9] 
[&1] ■ 

Co 1 1 3 

[0 0 4 0] <£*T, [01 T] ^tt^ 0 ) *Sf B «£ 
5t*rJil8o™^M4)[01l]|S***icW^ai*+ 
[004 1] «-W«EB30^*BStt. **<0TA^=i* 

fr*32/30©#*jWS/a3' h*-/<!)7-/>f*-K"C 
ifW»^Ct«-T/U'5 = !?A/i32fi^#^t 
aS*«EJS36^«toTT-^^#UTA(^<^T^* 



(8) 0- 6 2 8 2 5 

[0 0 4 2] #»**oU*-r**tt««r*±l-«l*P+ 
<5fc T^S ^^Al32tCfpSD$tia®)Ei-/CUT 

ffi^4te^36o' bp^>2tc jtrttSBftrc* s ^ 

II, li**«^)7x-X K7 f>f 

IttTt^^o U*{t»02JcoaE{Wi, i 
^7^-^«fflt, *ftB3O0>rtffi<7)ftft£>*te* H 

6, BP*>, 

m=nod/X (3) 

m+1 = (no+nE)d/A (4) 

[0 0 4 3] (4)4*6(3)«rWI+6 4 
20 1=nEd/l 

d=A/nE (5) 

[0 0 4 4] »«BJi18^*^[011]Xtf[011-]0>e* 

r/l/^ = ^^«32lCPPSD$ixa«=E^0V^e>21V^« 
flrf £ <t , Stftl . 06 m m-C0>B*r#0>aMfcnEtt5. 9X 10* 4 

d = 1.06X10' 4 /5. 9X10 -4 =1. 8mm 

[0 0 4 5] {tot, @l(0»iiTU WttBfi: 
1 . 8mnfC0 V fe21 V * T* (30 V*8§) <F>/<4 T * WB&il 
k gp*>360" <0%±{my-4 9 MZt>tL 6 

£>3HtnEte5£ 

nE=1/2rno 3 [±r4iE-Ri2E 2 ] (6) 
[0 0 4 6] **ttHl8©#»*n-»QaA8^»^, r4i 

[0 0 4 7] itiROfc«)^*8WWjR2 0|tJ6«>»IB«: 
50 8J6Lfc. *i«)Sllfc©»«t«)«-«)av^, felt* 
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15 

(orientation)3ftS«lftStlTl/^r:i'C&5o fiP^> fi 

*ttii6S^[oii]#fou:fto"C£i:, «*i±[oir]*« 

[0 0 4 8] ftfcH2tt*»W©»IB<0 2o©**0» 

IKffiCRM) «:«BE (TWBEWNk) ^BB* LT*+^97 
TffcSo 21*1^7 760, 62(4, +^»fttfflPp-C*** 

tt"Cfe 5o jSU(MI4tt*(6) (D-fcmr* ^ E<Dtf y jr/lsXto 
**jj*U ^7 760,62^«H4-ft«Ri2E 2 ^$3?:£^ 
-To 

1 0 0 4 9 ] B 2 <0£L±*mzfem LfcnE©»««tt» 
fil^«fc 5 1-^7 760-64^ £ixT^£ 0 ttfti^fi- 

^DyhS*l5^-Cfc?i. HI-, ^776411^7760 

[0 0 5 0] ^7 76OttW$0);«8Wtf>» 1 0>*Jft <DJg 
»KJ*«i-*. KW»©»«-Ctt*WllE»30©[0ir]«r 

[0 0 5 1 ] ?7 762i*$H2nm<oBm<nLQU]1f&i<D 

*si>r * ^7 7eo©*««6ffi*<ott«*YW*i/7 762<fc 
H*Sv\ 4fci/77lHoJ6fimE«J!lOJcfl£o-Cit/lD 

[oir]«B*[oii])^#*L^. ^oafcte, gf^-copp 

(0 0 5 2] 0 2^±Sj5cOM^ttH > *KK30<7).«iHc 
# 5 JS Sf * K toE £^ -To nE = 5. 9 X 1 0- 4 \*FPM'<4 T 

[0053] rich 3 *^^T/Vxio(a^e 



(9) »BB¥l 0 - 6 2 8 2 5 

[0 0 5 4] $/*T-A70tt % *H<Z>£*±CVI Inc.lCct 
oTl?it$^C95^x^ONd-YAGU-if72^^ti 1 o ^ 
-If 7014, K«2inifCttft1. 06nro(7)0. 5W(Otti^ fc'~i*74 
£«£-f 6 0 lf-A74ttWP*0. 15Rtftt*5»<D» 1 
■MR ^ (MO) 76K A «9 , 30cn*ftfc£«T tf- A 
tt&SimiKittcSftS (1/e 2 »S^WTiJS)o M076 
ttfi$0.5cm"C^yX72^?>3cffl(BIWLTl^o SlMO 
76^e>O3t80ll, 30cmgtf«1L^^2MO82(^A ; 5o ^2 
MO82li«*20tt"eMPft0. 54-e$>«9 fcf~AJgrtfVW 

* 10^W®BP*> A^@T*ii&l pmtOXjfiy YM\ZM 
M£12:Z> 0 B6VT'<<< xm>t>VZ%l$, «2M082M 
^ 1 1 7 7« ^ * «r #?0. 05cm (500 p m) BRO L 

fcfR 3 OM088(Cifc*£;ft£o « 3 M088lir/<W * 10 

&8UW&A/"C:fc5!!K 0*<7>#4tHamamatsu Photonics K. 

20 [0 0 5 5] i/^^ATOOS^feH-frfe-fri-Sfcftl-tt 
^*(D^)lI$:«ffl-t^ 0 3 OOM076, 82. 88l4i"-<T X 

Tl>£o M082,88l4MtC, Z^^lC "^ftT-fc^o B 

[0 0 5 6] ^lM076^figfi, «W**v4V>tf— A 
082(4. h^r/W^loic^i: 

[0 0 5 7] MO88<7)*:A^)3a<t7^<^^10i:^5:vMc: 
500Mm(0.05cm)«iraLT^»9, r.<DE»±, 
4: #feK30l^ J: o r gi^ $ Jxfc*^tt* t Hi L /cEBS 

^0 S:B»1-5«3MO^»i:ttST?*>5 5, 

[0 0 5 8] El 3 "Ottx'W XIOOa&OigtftK^^ii 

**7otu:oTj!awsixSo rn**attft»»t?*> 

* * ft b I4\ *ft<o»ttB3iS»J/r co)fc^(c J: o xmm S 

[0 0 5 9] ftlcB4RU«ia5tt, je»£(tt*<D$M£) 
50 #lsI*fftJS(')OBi«Sr^"r^7 7T*>5o *^^HI- 
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(10) 

17 

[0 0 6 0] H4fc*N*T, ±«O^?7100li, ±» 

*l»iB24li*l»c:**i02«rdfeC«. r£>»£\ Hli£&3 

*«0*»01©J|ttttT]E«K«LV^ft*«)*«*tr 

[0 0 6 1 ] £MS*:l02tt/<:/ KB 1.5' 
oftEJUflPtlalJfAfc J: 5 ii>#:^lH]Srffi*i04, 106## 

[0 0 6 2] Ttt<0^7 7100' til;fc^T±tt^7 7100 * 

2 ] 



#Bfl*Pl 0-6 2 8 2 5 

18 

02, i06t ffi*i02" . 106* k o{ig^+^(i~a-t"5 r k 

[oo63] 5 hmkto&xmmtt&r 1 ? ? no, 

110' H4 ^^^1^^7 7110' |d*5^T^7 711 

7110tCtt2oO±53ifi|*:112&tJ { 114^aiS.L, Ztl 
6tt**0«ff»jB-1O'&V+io - ^#aEi-S. 2o(0g 
*B*f«*116, H8tt«ft|E«lw(just resolved)**) -30 

'M+aotCffiSt^o ^771101*, «-Wtttt^3tai 

[0 0 6 4] ^7 7100, nOSrfpjES-t-^fcftlCx/W^I 
[0 0 6 5] 

[*1] 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

[0 0 6 6] B4fttfH5tt, arttBao^wjuo-rsttE 
£^fb £ -fr 6 r 4 1- J: o Tf^ * 10#0' a» e> ± 10' * 

-c*rtBrti4iu* tr- a tat l*« r k zmw-tz, 

Ztllt 1 OCO t*-J*& 2 ol;i$HH1-6fc«>*fctt 1 OCT) 
otf^^lOlt «^MW*nfcl*fPltU<tt2* 



2ocomEE^M^^rigK3S3o^^Ap"r^fcttr^# 



i i 

$#B£BE< V ) 
^7 7 10fl(i4g() ^7 7 110(15 0) 

E&*g$ar«& o/ps £#tt*ti*&*8 o/ps 

1.5 6.8 
3.4 5.9 

4.6 9.9 

7.4 9.1 
20,9 3.2 
18.9 13.5 

7.2 0.8 

6.5 21.3 
23.6 16.5 
18.9 2.5 



50 
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19 

[0 0 6 7] r/^*10O2£j£g§T l^teffi»TSii£T 
*JK0tt#O»jS r >< ^^/u««0Ki 9 t 1 tfrii^ii 

1p0>£*aStt, K'** KRtM - K33/34I- J:o 

[0 0 6 8] 04 H 5 tt, T^V X 10**1. 5" <D% 
^-A«r20*3llrtL#*rfc*r*i-. J: 9*< <t 

I" *^co t'-i.£80* ELLUlfrfcoTSgrt LitST-fc^ 

[0 0 6 9] r'<^*to*#T<0-£ <f£KLfc„ Sffi 
i4ttmiE©QaAs*fefttt-»^bfiE5. &**r*MMfc¥« 
5ff(M0CVD) l:J;ot^7^ y^Jfi6Xtf*KBJIi8 

U^htftgU «^Ftr-^y y^77>f-(EBL)3£ 
Itl/^ LTIOfScO^V K34tf>««£ 

JKdctfc. hSrlft*UrTi/Pd/Au 

ryy h^-7(iift-off)jffi^^tfnSo ft^-c, 

«B*18©u^"h#^«*Sr^Lfc. 

TBfe*Lfc. rO^ST\ i»«B««32SV*>'hV^ 
K34^0tt«3334J«***lfc. *^-e»«Bl«rl^^ 

Bl-A*k 0C 1 1 Ft h£ffl^TJ»20£ffML 40 

fc 0 T/w5^^Amii32(iiSiSK30lc^^yS^^4 

zfrb ^^vttmmicmnLK\,\ &^x\ 7^*10 

3»jKB^>ttl*ffi24XU5r^<>r *tf>*ffi26/28£JI2jS t 



20 

fc 0 W*Bfca*Lftv^J:5«i«H([Be*Ctt«*A*i 
[0 0 7 0] &lcHI6 7!>>e>liI9li, EM&tfiaSK^I- 

BettffiF^lOlffif^r^^lO^spffiBITfcSo K 

KB30tt«B"tf*4v\ B7ttT/u5-*A»*B«* 
32i:tfV K^y K34(H**"T)^^»lft33i:OlB«>«S 
Sttfi«*r*1-o B8ttBI7ic*i#&U*^»«Bttft 
©fiB^Sr^i-o H7SU J @8li^10l5^-Cfo^o 

10 0 7 1 ] HSJix^V^iO^SB^^HSr^-ffff 
*ft4000»^jfeaEa«^W»«¥*Tfc5. fSMStut 
»jftBU*ffi24, $&B3(h »20&tf7/U*~tf.Aa»8[ 
B«ffi32dMio * 0 £ 0 

[0 0 7 2] S^^4>T^ft1.06MmCO7tT^/<Y^1 

i.KAUAs[x«1(ffl»ra^n=3.40)]tf*)f9.#ttB*18tt* 
K-7 P GaAs(n = 3. 46)-C&£ 0 * fell* 7 yr^f >-^S 
#9J<DGaA I As^(OE%ft^ . M XL If x =0. 3 (n = 3. 28) 

[0 0 7 3] RteB 1 0 tt, fV<^ X 10<D*®24tf)gft# 

1" 0 r <nm\Z7j< S tlfcfW * cD^tfehl -h3&tfw1 ~w3 

[0074] hi=a?$B^7Jii80ip:£, 

h2 = ^7^T f W V ^1160)®$, 

h3= (r s ~ * A32^j?^ zmn Ltz)m\Q<Dm20(Dm 

£w1=ig»B30O*, 
w2=»206O*, 

D=-r/<>f ^A*E26/28^e>*»B30*-COEBts 

P ^10*>bS^T-iSa»ls]Sf«*^$tl5 

[00 7 5]*2 ttffifflftOg £ £ Mttft X ^BB-T 
hl-PCOiStfx-^^-To faUAttl-IOmnT*)^. 
»jftB3rl18ttGaAsT?*)5o 

[0 0 7 6] *2<DRtt^7^-^»ittffW«t^>"C* 

fcB8LTtt«*i"«. r/M ^lO^»B26/28lcA*«fc 
tt, D^ffiSr/h* < U#§o h1~h3tt/<y77«^»* 

[0 0 7 7] 
[*2] 
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21 



(12) 
£2 



ftffiW- 1 0 - 6 2 8 2 5 



22 





£5 yr-f >^S<DlfiJ* Ga ^Al x As 




x=0.1 


x=0.3 


hi 


0.8 A 


0.5 A£hlS0.8 A 


h2 


h21A 


h2£0.8 A 


h3 


h3£0.8hl 


h3£0.8hl 


wl 


0.4Agwl<2A 


v2 


v2£A 




L 


L £ 1800 A 


D 


D£300 A 




P 


100 A 





[0 0 7 81 at20tt*)KK=7®18ro5/6^«gH*Tji 

5l-#93-fc>-£-S&Btf 5 fcS. *«K=T)11803is/f- 
>^81IS^*8^Hli-'5t5t^»(optical isolation) #3* 

4ritiD$*, -tOJSfttUT, KSrBiB 

•T Z> 1t » £S ft *'h»«>3c y ^ ^as*sr»#?i- 5 

gdSfo^o *«KIBl©P!tnil (w2) #*£VMiifBr»* y f- 

tHcH1" 5 ffl*ia*HftS:«H(sr* - 1 lei o-CSIH*- 
K<0#» (content) Z7?ftAt) 

[0 0 7 9] ^2 0ffi(iGaAIAs±»GaAs^Ri^iCF^UT 

#T*4 < ft e>ttxv>5<o-cr dT*ttl¥ii»ciaM Uft</\ 
[0 0 8 0] 49 -Httttl^ ^JSWCaUt+^tRIt* 

t*# ?>fc*it/h$ < -r sw^st u\, *ss^(o>f feme 

«(7W t , 3'^w1+w2)0^'>tC#o-C^llft^ Kn 

>f tr y f-|i±90*Jr-J--f Kn-y«rt*"f*. 50 



<-rzt£V-ehz>„ 7W try^s-^-e*>s^Bttft 

[00 8 1 ] 7K^fW +w2)C9H;*;<tt±, tf-J* 

£ U\, SBt©«£ri»ktt*20£Si02ifctt:*W<fctf>*6 

5 , ^7K£5®£l-fc&fc&=7J118©Stf*£'>ft < 
1 1 1 . 5 Tlel 2> ttT* ft tttltf ft S> ft V \> 
[0 0 8 2] tt^10cm©ffl^*-¥#fr 9 i-^JtK 

£ titz f— A£r £ i-^^^iiSff 1" S 2 ocofjf^^ 

asft^-g-i-14, r^-r ^&xj^<ommm9xiik(om^ 

t> *■ 4 K> 'h £ < ft (tftlift ib ft i \ »l =0. 3 m mR 
0? (w1 + w2) = 0. 6 ix mT'SEft 1 . 06 n mX'Wi ft 1" i> 20<i W $ 
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•j?ioo^m<oEi»iciaise^^oam»iii«f«S:^fi£-t 

g51 . 592, 050-S§-cD$&Sflf CDt/M * li*S8 u mt* f y f-4 

[oo 8 3] ®*<Dmmv>ffi«it:ffi^-rzt. 

h - ? *± c z> r t a < < 1 1 (9o%a±) *— 

£ D KP*>w1^1/2(wH-w2)±fcttw1^w2-e*)5o 

(?) tr ? w martini <£»s^ 4**tttt3»ft-c*> 

[00 84] K^-y K34^H»$*iT*5 "9 * + 

OgSlnrofcfc^O. IPFCO^r^/^^V^SrW-f 50oh 
mCOSfet«rff9fi^2mnC02g^K(i. fflftft100GHz£MI8 
£*iS 0 U^U4*S?>, GaAs^CQSOGHz^ff-g-Ofigli 

^£rt@$:L»S 0 3dB(7)ii»rHifi*^tt25GH2 
fcftTL**. ^tUCJttfcLT, &H4*§f*1.592.05O 
f(Of/^ * ©tm*»Hfc*tt«2. 2GHz«TTfc 5 0 

[0 0 8 5] ftlC* 181114, 04RUqa5 0)&&/3K 

X<D=3 tT--?S>5 P Ettftttfc (features) £[U 
W^-C^fo ±#0>S*14O"mO' fcft*:102i&«#ft t± 

20' <D^^mxxmnk^)Mxm, m&tf&i-?> 0 tsp 

iO¥JE42T*fi± 10" \zm±H2 t 1 14^#S1--5o ID 4 
H5^i9»«4WS*tt*liJS*iftv\ Him, 



(13) 0 - 6 2 8 2 5 

24 

[0 0 8 6] T/Vxi0<O3tffi^«fffl^Srft^106^ 
mTRRUto *»*K30tt'>ft< £t>20mW£WSU 
f f /<^^10CO10iB^*RK^tf-C200nWS:4x.5p r 
/V^lOiB«rfc6a*iO*^«[*JBfcKttShfc* 

SSr#-f 6"Cfc55o Kfi10.6jum(7)CO2 

®3\ «Ktec r )»r®«^ioofgt^:t<^ l 9, ISfliJiL 

A«tt*KK30^rt*I5^6ttitil«:fRiRU, ^lOdB^S 
&£4;t6o Hl3^$<Jv^T»JE"r5*«W^PlN^-r 

20 [0 0 8 71 E«»^0«»«:IPI tMRfffl-C* 

•t@12H, *mW<D2-0<nTsU *10a, 10bOgf5^«E»&^l 

*RKai*B24a > 24bSr*i-5J:5lw«RKStiTv>6o 

TJWPI3t«r»*tTV^6. BP*,»«B30btt. ^S^30a 

[0 0 8 8] Hi2iB«^^ffi^»tK)»rter-«)S 0 

?)t^V*102)\ |S-¥E±^*BE24Sr^TL*ftB^S 

[0089] iai2fio«i£, Rnmm&LM. 

50 ^^r/^^tt, ffl^^-er3tffi**tt«i"6w<ttci 
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25 

[0 0 9 01 SEWcft#fillft»Sii*:^W^^6ff 

[0 0 9 1 ] Tty^y *<7>fi*<0T'W ^lOftfrfe? 

(l6»lt«|-CftV^)»iM»ttBlT*-t"b 7^*1501*, 
W«fc»K»l54fe«^fc1'*»ttKl52Sr*-rs. BS: 
»d*9 ft < loiSWH^L*:* 5 , * 

[0 0 9 3] T'M*150ll, »S1 /xmOp^GaAs/<^7 
71158$: fi J*i* £ pJgGaAs* « 1 56£ #-f 5 . 1 58 iiffi 

V h®^5X10 17 cm- 3 ^W-f ZpfcGao. sAlo. tAs*»fcfiK5 

JHeOttK-/<V hgg10 15 cirf 3 £W1~67t^(#K 
-^fc*dsaBp?e)GaAs^»ttKl162«:&l*Lrv^o 
IS1 62fl*«Kl52<0 =i Tl L r C0®«T'i? £ 1 /i m 

0.2Mmt'fc6o Si K^>h^g10 17 cm~ 3 £W^6nff£G 
ao. sAlo. iAs^ibj&£J?£l nm<D±U?7 VT 4 

K— ^ V h ®S3 X 10' 8 cnf 3 £#1-%m £ 0. 3 * mCDn* Ga 
AsJI166£i&J$ LTV^ 0 Au/Ge^&O^-^ ^ ^SttJi 
168^n + Jf 166£r&gLT^£ 0 

[0 0 9 4] »jKHl52HPIN^^-K«jfiS:«^UT 
*5t>> «160 N 162X^16411*^ P, ISl^N®*S:« 
J*UC^5 0 3ttt^*-K©l««WbJl162^3ertS 
ft£o Klf^+tt^>f*-KttiB^>fr^**l, S1620I 

ttfc^M^i50co»)f^ii, fvM*l0lcg|LTifuiEL 

BHi62i»*tfc*««35S*«L4v^ri:"C*>6. 
^132 A <D n (Cl 1 64 A 3HB<0 0 K- :/±ft ^7 7fV 

>- A-r s r t h *imyz> ho 

[0095] mmtftteT'U ^$oommmmx\*. 

*»*>*tt»152i, «®26/28<t^m§A^^T*7 f 

j»i544*iB*ii**L-5-r«)5 5. n*li66tf)#£(;:£o 



(14) WW^l 0- 6 2 8 2 5 

Tx'<>f /M50<&1fffiffltttt, «*33tsSyK^y K34 
i<Dmo«ffi^ttit»33^-tt^fi»S*5T*)^9^s 
:0*fttt*fi"C*5. #»jKBl52^*A**"e/1166 
icy rcoy ?^fclllB40>jfc**"CSI*£ 

*6. »^n*ll66<oifB«*(*ttKl52-C4^»)S:# 

Sr3te*1"5o Wa^3:^^^h33/34t*ii^*fk^ 

[0 0 9 6] 114117^^ *150<B#* ^ 

^tfXHtl, f^<^*15O©«B17O^#4»B"C*>0* 
^-*h1-h4, w1&^w2^^1" 0 X^*(lHl^ @^ 

-*h2, h3 x wK w2, U DR0Pll«2tC^L7tl:r* 

tll^ftSitT-fc^ 0.5X-1.0^(D&ffl-e^5o 
20 ^-*M(ln*JBl66<7>»$-C&9, 0. 5 * a±"C4*ttLli 

[0 0 9 7] *«M^3tfc*-^^rt»B(i, 3t^WR» 

30 v"7 hi" ^>o 

[0 0 9 8] 015(1, *}6WOx^<>r^10*ft^iiA/tf 

180-C^Stt6 o R«t»li180li. t^^IOA^SS^E 
«flfcltBtraL/cSl^®uyXl82SrW-rSo 

^ 1 6 -C tz?t H u > XI 82 Sr^ L T«^45* co t*- A 
*;/y y^184iCA , 9^r^Jb^S^f1^fflttLx^X 
l^A^c u^Xl8660«*tttlia^¥Brtl-#ffit, ^ 
^Xo*^fcT^^10tSrtt-S»^S!E-e*>*- *tt 
uyXl86Srg*U, RK^^tr-^SrEtttbTt^r 

40 ^^^188(CA6o L/VXl86/r^^^188^TO8t(l 
f 1 1C^ LK t'w ^ ^ 188^6>R«$tt7t*tt 1^^X186 
^iloTM^, tf-'A^^y y^184-CR«SttS 0 ^ 
^E«f20^3<OUyXl90^ s fc*-A*:/y 5/^184** 
■6>«)3feSrGalnAs3t^^"- K77^ ^192^40 timX 10 
m(^^# S <0ft«gtt««<H*-fr-f ) ^m^-f * (f 1 = f2 
£0l^) o UVXl90/*^>f^- KBHf2^*PtV^ 

[0099] *RB««i80ttttT«>r:fc<ibfM-6. 

uvXisaicioTr^-f^lO^^O^SrspfTl-L 
3y>«-hLr5FSiMftttSi*:S:l»*i-^ Rtt^^ 
50 Xl86{lrV^^188^®69/h^^*/ h(C7t^*^-r 
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27 

£o W*>I">'X186I4, Billow fc<«t-f 6*^^ 

w:«o.t, fctTT^ 
19214, TJ*?m<D%&Wiffi<O l & J flrfc\fy HI^S*J6 

[0 10 0] *R»^Hl80*fcJ±tOffe^ffl^"C^ 
7 n ^ 3 * (D/A) b — Stf>»^ T * SEE 

t\ ^^y*y^rajwwi-^n y^snst, B4& 

tfB5 KMLTlfflElcKW Lfc J: ? (C^/W *t04>£il 
[0101] @l5cor/^^180cOT f r^^192(i^7i< 

y*##a»b%irf s t s ^loiiiGHzgi 

fcfcfc:^ y &U*D/A^ Srffiffil-* £ > 

[o i o 2] *(^s6»it«r-?iv>Hi6«±. i-n^x 

[0 10 3] r^-T ^200*4, 3feAA»202iW*#B« 
$ 1 *&0>»2O4 (£Hlffi«) i SrW-f RUHR* 
^tr-AjRrt*RB206^j|5filtSix, M**>wi<(B* 

yfy^SnT^S. »d»9«V^±5^, 5o<0«204 
i 4oo*RK206i»t«rB*"f 5* s , rV^*200 
14. B 1 Rl/B 6 d>bB 9 KM LTttW Lfcf^M *10 
4 H«fc10flO»R»fc*1-5 o »20414Art»202a>$> 
0.3rmtgfP^L, W#Bl-Jttt*:«B«208^fflSE-r«)o A* 



(15) WJPPPl 0-62S2 5 

£*Lfctt"C**. »«B206«4, #^K/<y K2l2lw* 
»S;ftfc««21ti*#U ttttW^K^y Ktt#2 
ofoH*SiiTt^, > h 202-21 2l4r^<-Y * 

10t*a©Kr-ASSrtf r ^^214trJI5l*"f So 
[0 10 4] JB2Jfi^8 0^>"*220t4. IR^7yr>f 
y^lt-exyf->^SiX7 0fl!)S**»K222fe»* 
LTV^S. a#»SK222»4tf-A*rt**»206^fe3t 

0U*224£ <fcoT WftB206*> feHT fe *lT ^ 6 . «220 
70 SU ? #KSS222*4fiS3mmT*i10/imT*? , 9, ^££ft£> 
^^BBtTI4»04ftlJ<*«*206tPI*T*5. 
Wifc»222l4|K26£W1-*fVW ^200«>»BT*T 

fc, tv^ ^2140**(4^ *OS^«iKK222oiC«4^ 
fe*£*LT^6. *228tt#«flai#tf-*^#fflK** 
j£1"5 0 

[oio5] f^-r *2oot4, «T^r^<tbf^-r5o 

^PP230^*$*iS*J4»202**i-6«85B(w*S$ix 
S 0 *tt, tt*tt*2W-C«»U tf-AJSrtfflWttlte 

20 OefcSttl"*. ^*«*224^»RB206d*bU*Stt5 
t*--M4, «S210^HlSD$ti5«EtcJ;oT*lRli6iJ» 
£*v£ e B4Jtrrai5^BL-cm»LfcJ:5l^ 

*2l4a>b^fc**E$T«*l4+l<r io'STOO^ 

«Btwi?fcoT*rt^lB-efc5. *BfRlffl**l6l228lC 
#-r510"tf)£S(4, ft*W«»222T80MmK±«>BW 
iC^-f^o "f>*ft*»«B220D*»b* 
t^«O*«K*T*Ofifftl460/im^fifpjL^SL3te 
^. JE^,'7 f /^^214tt^>'K«t.5'*:#U r^*II4 
a*»*B222^#^*lf-A*rt**B2(M^#br» 

50 fi6t5^SCI^fl^o lot, -r/V^214^^cO 
W*tf--Att--«Clo<rJt(0****B222tJ:oT 
^-Att#>K^y K2UJiaa4«ffi«:fiPaD 

v^stt#So ioTT/<-r^t4, m^w fcfWrt- s 1 

[0 10 6] Jfttt, SUWWUl2220»*i:tt6BB26 
Tr r /M^200^btem^^5o *I4, ^K^yKt 
Elifl6oTB«**lfc»*B222«) 1 o(Cgfl CS&fc bn 

5o f f /M^2oott, f+aw4***oa*fc»4««t** 

40 WteaSrft^iiA/fc* «t D *# (B* LftV^) ^ ^ 

[0 10 7] 017(4, f f /W^200^$^*SSS 

mM<O^Mmmimir 0 *ig230(4. m%m&®232$: 
*1-6. f f**«[B232oJ4Koii:<"Cfe6^\ ^^te^O 

BW*«MHi:ltS J: 5 ^»*»«*tti*238^ 
50 P*^»«Sr^b1-SrfcT?fc5o ZW4*fc, Wt-lKv^ 
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[0 10 8] *»WO»li©»»Tfc*f f /W ^lORtf 
9 V */r|f K-^*jftK30&W152S:*1-S« tri>t 

tf J: 5 K&StSftTfc £ \*\ 6aAsi»iKjl8l-J«iSr»SlO 
17 cm->T*H-:/t»S. ifcttMHHM*. #fi*T-# 

{0 l 0 9] #«9§tt*fc. «itfs/y3^i:*»#^ 
^p*at tT«dt3*iTfc£v\, v'yays-wa 

WftBfftta*. ^iIW^(-io 18 cm- 3 tc) K-^StbfcS 

(proton isolation techn ique) id <t iX&btl&o 
[0 1 101 GaAIAstt^JH-V&ttfr*, 
«iliGalnAsP^J:oTK5SStU#6o CdTe&W 

[0 111] IWEfcRWLfc^dlW^^^IOttttft 

[0 112] ffifcVl**&m<DR&tf?-*£ftlzm& 

T^^IOHifc, GaAsJ&Stt#fttett£*-fttfi, fiP^> 
■»£tT«MB1-S. ttBWttifc, tt/J«**»*tt 



(16) #BB¥l 0- 6 2 8 2 5 

30 

[0 113] #3BWli*fc, gH6^T^^200<t(^1i 
<Oj£ft£lrtb#f!t:r'M * (wavelength demultiplexing 
device) Srfitt t#S.fi* ^)jfift^»^e>*6*:tf 

22*5** <£>*-&ft££^-f S Jt 5 K*tttt*E£N> 

[0114] $i$<D*%w<Dnm<ojfmizts^x. f/< 

^S-tirSr-itpTtB-CfcSo «BO»tt^l»-f S»]» 

1. 06 m m-ettffl "f S fc «> BUT u-m. * * 

SWSrJH^at. i«fctf>Is]tJr#7 W<D$2ft&(#<BfS]) 
*filc:#tTj!£^ftSS:j«-rrids«fc*$ixSo tto 

+iTflEllld s a*SIH*^»ft^l/2^T^t^t 
<, it)«9ctoiil»ftt#ftt4<**o 

[oils] 0i8^&H2iii, ^n-en^^KB?:* 

tfc(<2MiiOIB^Jfcv^(<l w m)*l00fi<b»KKSr^tr 
7 WtwJ:S»ffi«y»^StuSo B18^*5VNT. (I* 

^W^#«lft*lftlc»tT««tfc*f«lcittir-ra. * 
<Bft*fl306^#tT«fttfc¥ffitt302tt, *«Bttl* 

o&ft^Ti^><3(K)^W*^^E(S^-^K»i tr 

[0 116] I3l9tt, #«|6l*lfil306^feiB»tfc^3 
12IC*«i-6*ft*ffl310«r«ft**6TU-f300«r* 
1% ttB310tt, W«BOffl^ffitB^T^>r300(Ctofco 

50 T#*«^*Pi«<k*^i-<t5lwW«[B«r/<>rr^S-fr 
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31 

0 1 0#H£tf> j 4 v c — XJgJSJc t OK (Dj&ffl £*S$1~ 5 

$fti£B320&tf322£ffM-r$o :<08#, TU^300 

[0 1 1 7] 1121 15, #¥**33O0iRS£*lfl{1"*J: 
5^HfiS:StbfcTW^300S:*i-o iif ^33011, ¥&B33 
2t-»fi«RtK-«BQa*OjB2B334i*:#+6. ^ 

7W300^ ¥BK^ft^ffl#»ffi336£*;t5.fc 9 K 
ftJ#P£ix$o &B336WU *^330KJ:oT¥EKl-*x. 

tiX^Zo «B336^*^330Sraiai-St. -^OftffiS 
ft*ft«SiWB*338i*flfei:6, *JfcMU 71^300^ 
*«30lcJ:oT4iLfen*ffi»fi*lc*tt«)tttaSI* 

l*Stt"Ct>J:v\ lOf^, 3R^330^fe»cttlStt«K 

[0 1 18] Bl8lw^i-5pffijfiSr***^306<^W«^ 
{i^^20 , ^TT^S-ti:^fc46[c^ rW^t>E»s 

b=d+1.2As/d (7) 

K4\ dlirW©(i(*ttK^+^IBrai»»), 
[0 1 19] 0i90£fc#*jfc0fcat>Ktt, EIWIR*'* 

b' =1.2As/d (8) 

[0 12 0] 5£<7)Rtf(8)tt, TWWdKfctiLTIII 

(D^Jpj-cfc^- fct^+o MX. If, d = 1cmT^=10* 4 
and um)<Dm&. s=300cm^btf, b=1.0cm&W=0. 
035cnf?&£4* % s = 10 4 cmr*i5b = 2. 2cm& W = 1.2cm-? 

[0121] *mm<OT'U x\z&z&mmM$Lv>*\ 

<£><Ifr&t>*7 W ri> <0®B (X- $ v 40 OS#KB8 L 
-C«*M»*. X-5y^BP*>JSjSEIiO*M^±o 

[0 12 2] Bl9{C^i-TW3O0^|l3KfPffl^J:n 



(17) 0- 6 2 8 2 5 

52 

?f-(Hl6#JS)©»£lcfc*fU?fc5 5. 
[0 12 3] JJt^H22tt, 

tf-AjSrtr^ ^402*ta^aA/T-^5*\ f* '<4 * 

/<>f^402tt7o©««**tt»*ll«r#LT*J9, # 
70 Wn (n= 1 -7) <D&* II** IE««CN i <4te2E!E 

^HS&VI -V7tt»«»##n»Clt«i" ft ft $ LT. 

20 tt, Hl^*33-34T^t"J:5*(0^L3SV>)**co 

[0 12 4] /</^<b^-f s 404tt, fcf-A*Xy y*4 
08&^trx^^402^A53fefc*--^406Sr«±i-5o 
u— !f3**0— »tttr— i**X!/ ^/^408lcJ:oriBfSj 
^h,TSiptf-A410^^i-So ^402^AW"T 
<55fctt, «j|412T?«1-J: 5U*«KW1'-W70(BI*L<C 
^)A*««IM-6. *«»^e>03tfflAttWi«f*4 
14tU:or^SllT*50., UyX416HJ:oTXT^^ 
0Siff¥ffittTU>f4l8li****x«)o fr^oio 

ffi*ff-S-ttx>r^/W«^Xn-fe$/^420^A5o S^P 
t°-^410(l ^ 7— 422RIM24H J: o tPrf ^ ^ <D 

^MO^T^t ^D1-07<bM^i-o "fv-^^DHZ. 

ft^fc^^^ft^«l)6^^^tt*lSSnr^*o 07 
/DROrttxx^^Wcoft/rtt, Xniryf-420^ffi^ 

[0 12 5] ADC400H£JLT^w<b <«J^"f5 0 AJHPtt 
^•ffiliSSRSix, ffl^3t414SrU^X416H J: otrr 

•t a XSEEVASrfetS^HSffiVI -V7^A* IP^^Di" 

^E^rSr^-t^o n#@om^Vn(n = 1-7)Oft^l-±^K 
50 ^(D&^rtZttm-tZo t*oT, «ff^fPfflLT^S(tS 
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(18) 

33 

o Tfcfc* S ft S) n# g Oifi 
SgcoWnCOft $ ttn^tt«"r 5c - ft ^ ©*ftTfc ^ > 
16(aoTrf^^7l/^ 41 8(1 snfc t*- A^tt 

«EVA«CiEtt:0»J-f 5o ifiKtt^ttfl =sin8 £ 

^^Dm|cai*t5(m=0'-7)o SoT, XX^D0~D7 70 

£*##&ft6. W»©wi<, &r^**ttfllxtfD7 
/DR©ri<**7 tf 7 i ^#i:»St*U 9*404*^0 

^^i; ^^408{cj:or2a5(c^Sfj$ti5 0 f-v^u 

LftV> £ # tt, * * *frD7/DRttH«<0tt*§r 
*rltli»426lcai*L x tttfeSS426lim^*«T*4*t5o 

tf-^4l4tf*D7<7) :'^fr^ $ ft* £ §5V N tfc 
-tf/^l/ ^(Dfi £fl&gij L . 7* x * ^D0-D7CD l >-f ft^fig 

«H-5A*«flEVAH»J5Et, A^T^n^®E[c#j£-f 

5 2Ji!7-K**4i--6fc»^ffiffl§ft6o -ft(iADC4 

ooasr-J-n ^-r^ s^u2H!fcSrff ft 5 c 4 £^1% 

[0 12 6] &KH23Sr#fiB1-*i, A0C400tjfl^to 

u-r*jg43o^«B»w^ia*Sftrt^. 

30ti\ A#7^n^«jEVA<D2it»SS£^;i*£ 5 
llfiKSftTV^o T U>f430tettK£ti"ttfc#«»#432 

6 tffiMB £ f*tf 4 lr ^^»#434Tvt* £ ft T *5 «9 4?lJ 1 6tr 
IwtBft $ ftfcxx ^^fil^tt^o *««»432tt7 f 
x^^tCffiffl^ftfcffiB^^L, #tt£ft»434ft# 
ttfflffi«i#JES:-f 5. fl0>W*iI*tt M36o-436a 

iaot^5 ^.u-h^ft-Cio^, Jt®«426lCj;oT 

*aasft6rx^^m*iiia^$ftTv>4v\ ?f#^T 

l^^43O«i022CO*jS£^^JiiEP*>ADC4OOIC*fLT, U> 40 
X416K i ot8t Ufc— *«)Jt* s — *^ 1 tt(7>xx * 
^ttll^ft^i-^^^IBrtSftTV^^o rf^ttl 
432/434(0^*1 * TtfiOT^J: 9 Mff ^ 

2ii$c0tf>tb*£:£C<5o KoT, A^il;l£VAtwJ;5- 
*^^(D<SfS]li N ?IJffi^436o(»Tffitfy hiP^LSB)^ 
M363 (*±jffitrs/ h!P*>MSB)T-tf y h'<7 UyVtti^O- 
ISOffifflCOfilCit^-t^o wftll, T-fn^«EVA^b 

10 12 7] ft-ftitT 1^430(2, fflS# i oCDr 50 



0-6 2 S 2 5 

5 fc»»H S JC^t 5 1 v ^ 5 4c jjSjJS *> 6. H)23tf>7 4 8 fc 
om^BffA^WEVA-Cii, 4O<Bft*£Sl5<7>flijT0a> 

e>iifctti^e>o^3E{w s ±i:2)o ^co^mEx- 
ra»*^2oei±©ft*<oaEfws4i:6-. 2oj^±cd 

g]24^^U^ KT U^7i-7 > h (Gray Code arr 
ay format) *T«fflLTfcJ:^ 0 mu\t, ?fTlB«>- 

4^<t 9 K«fiSc£ftfcSEJB7 u>T440S:^i-o wftilx 
X ^ * ftgO&fflftlS (occupancy) £Wttl2l23 4 «MBT 

[0 12 8] ADCO*lfe(DfflJffi400tt, S^r^S^^ifK 

««^ttA*T^n^«JEdS±»Bl»DSft, B«^)tS 
JE*««-f6 0 -ft«, ft^^lS^^i^ / >1-*ADC400 

«BElc||»it«'t6IR9, a*3W, A^mEVAlcit^Ji- 
[0 12 9] H2«i*i-J:5^ Bft#<o«ajfc¥«i* 
xr^^DO^fD^E. *fcWa23R^!l240x7 L ^^ 

a>&aittMflt^r«6^Pissft»5, w^, #mtm>%% 

[0 13 0] ADC400tt^ 7-422&tM24Sr^L^S** 

ftTt<tV\ uyX416, TT^^7W418S 

Zf-fc± yf-420t)^5 ^*-^lw*S($ft»5 0 * 

•t oTH20fc*i- J: 9 ft i/yXii^i!iJf-C t> J: 

[0131] ifclc:I225fi, r ^^/^-7tP 

(D/A) 4 UT||*Snfc*»W©W«)3l*^»tB4S0 
**-fo D/A3V/<-^450tt, ^^Ofl:<i^m1~m4r' 
^$ftfc4oOT U^452S:^tfo ^ttJSWSH*^^ 
DEV1 -V4|d»tt $ ft, 4 i ^clioic 

6^456^^ LT K454^fc3tS:S»-r 
5o U-ifffi^flUVX460Sr^UT««J7 f x^^458^ 

<toT*^jn, ff^m^i^- faa^?ag4624: 
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35 

" - 1 * t4SS? -f ^TK 464 £^ L Tn# 

SfcfclSSftfc^ Kff^ *468fc***il«. 
[0 1 3 2 J S*Ii^S^456ii, »ttKm1-B4©#*li 
# LT (H* Lftl N ) OMach Zehnder^ gMfcifiSr-S" 

-c**. Sot, «««*»tt*»Biiii-iii4^s*i-5* 

[0 13 3] U—ff454^&Offl*jfifttt, «IHHR* 
S J: 5 l£*RKm1 -m4^*i-^*C0^^C0/^ K» 

[0 l 3 4] Sot, ft*RBfcfl«iD«E 
S = A (8V 1 + 4V2 + 2V3 + V4) /8 

[a;*, AUSft, VI ~V4»*-* tt-^-f *J9'fry*y hfiO 

te2il!7- KOx-f v ? ^/i-A^ViV2V3V4(wtt:^J tytr-r 
n^fctj^ 8otf^ *450te4 t> hD/ASE 

fc*«BfcE«LTfcJ:v\ 
[0 13 5] «NI>4l456*S, »**TU^f 452* -CW 
»aB-C««(magnitude)^ffif*|-f S «t 5 l-fi*ff ttS 
nfc**B AAS**** *. S J: 5 U:«riE ZtiX^Zb 
7*'<<{ 4 fr9T W 464£r^BLT fc J: 

v\ u-f f 454fiaattbffLTtJ:< Sfctt^-f 

— F454W:, 7 f T"^^468lCioJtS : F^fflS:Riti"*^ 
*6lcr7ac-X>?^^ (phase jitterd)J £ftTl^Tt£ 



(19) WHMPl 0 - 6 2 8 2 5 

[0136] Kk(-E26tt, mn^^ri-y-f-fmm 

7^7^50011, ¥ff«ffij*502i -5025-C*i-»jSB 
7W502fclfcWiA/-CV>6, 7 1^5021*. (Hi^Lft 

£££1-£o H25{cB8LTSlJi6or:t<, *8B7U>f 
502li, e*o*ftBrt-C3tS:«#»iKi-6±5lc«^; 
Six, if ©ftfttt»*»*t»^^2/ K*«S»fc# 
?£1-5o7tH^B7U-r5O2Otti^(*£ B B 0^P^)®5O6^^ 

K7 W510(dfetfe*tl-5o l^^X508«4ta*BB506atf 
7 u^fsio^o^^^xx^ ^ KlcffMSft 

[0137] ^*-wi<om%mmm -0-^*512 

i~5124fl x R^p«ffi»502ni:502«*i (n=1-4) tSr» 
m-tZo &h±^ORF^ I/? 9 *512i ttRF«-§-A*514 

20 [0 13 8] /^U^7^7^*9 i 500^£JLTOri<ftf^ 
•f A*514«3lWiDSnfcRFff-§-tt^ 
V = (LC)- ,/2 

it *) <n l R w c o SO j£ i c ffl v * <b ti 5 ft $ x fe a ] o a S 

^i-V512^Stt$nfc*ttK502i«^^-r^'>^^ 
fiSS:3E3E1"5d»Rt;/*fcli*lsIi-5ri^«to-CW 

[0 13 9] SU^RFtt-^AAtt-O'^^^^*-^^ 

.t±tg«W«»505^J;oT*»B502COW^«5^^ttS 
40 TSfffiiiKKcfcoT, K3|[ftlS-CORF«^^/Hc:tt# 
6<D*ttBfflAtt«#ttRF«»^ttoT«*S*lS. 7 

tf, xx^^7Wffi^ftRF^^ih^7 p yUTfe6 0 1 
fc°3#(7)U-^V^U^[i1GHz^+^(-±lHiaRFjij6^ 

50 ^7-f ?>r^5oott, vHm&&D-^yv >v-t s^ssr 
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[0 14 0] ifSOOlc^^Ttt, jfifB<0|ftigL 

u#s, 

lo i 4 1 1 sfta©rri<, ^u^r+^-r-tFsooiif 

r £ *7 WSIOKft&fefcS** ^>X508Sr»*i^ 

[0 14 2] **Wtt*fc. NFRB*«ffiM3S«r*ltti- 
S e ro«HW*«|«BB«tt, Sliltoftfeijy^ 
7f*7-rf f 500<t(^ffiT-*$^ N ^ffl&icS/t-tSJ: 
5i:KT^^i <fl£lE$*iT^So 9*504tt, teS 

jfite^^/ r <7)i(l^4 , jfe(50%«*) H^T^^^o 

So ^^y^^^*-^^#»*^*«K^#*S"r*r 
7^*tt**«**r ^<&te©£ffi^7*7^*0>aj 
<B*L4H Jt«»7u^lcJ:oT*»flH§- 

lHjttk^So 

[0143] jsff^i, RtiEi mmz lxj is??**?* 

* fc lifr * * 0>«* X o T£5d S tb# 

[0 14 4] »^H27tt, *%W<Dfft&V>nffi.<D&mX' 
(Offiffl^aufc*ttK7u-f«JS560O«WSH'Cfe5. 
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li¥E7feK572Sr^4-f So 

[0 14 5] /<7*7*A/Jfttfffl*WiKK*->'564 

&u^566^ffiffl c i o t*»«)«jS*» enso r-^ 

ttffl*lf---M72«:tt*U TRft**©*- Kfr** 
[C x i»jftB562*>e>ffl**-> f 566^0»#3»5tt»TM[V^ 

^ oL^-h-et Swtr**)So 

[B2] B 1 of^ ^<oi»B»fiot«**tt»tt 
20 [04] *if-^<D3BrtSr*i-*»S»ft«<0|H«S:* 

[0 6] Hl^S+^M^OjtllS^tt^fttfctt 
[0 7] lai^-tx^M^OSIlS^JKlS^***:^ 
[0 8] HHc«'r7 ? ^^o*lt«>»llB©^#*fctt 
jo [0 9] Hi^i-x/^ ^o*lfc©»jBo±#*fctt 
[010] 01 ^©IBE<7)a»»«:-+ffi^7^ 

t m^~t®umxh So 
[011] 0i^x/M^i-<toT^i:sismiHiSf^ 

<D«¥-C*>So 

[012] Z*5cK-A*rt«^R»Sixfc»W«)W 

on*g(7)jKifio«i»Ei-e*> So 

[013] PIN^*- Kr-fe^^a«:*tf*»W«>* 

40 [0141013 <7)yV^ ^SBcoSSJKSr^fe'*? 
*-*£#fc*+**»B-e*>*. 
[015] 36*«»9ffl(0**WT^^«)(effl«^K 
WHTfc*. 

[016] JWi**fi*x^!/f-tL-CR«-*ixfc** 
WcoHJS^ffi^«W&¥E0T**)So 
[01 7] 01 6<DtsU X<n%%m$i%ffii&<0£&W 

[018] *»WOT f /M^JcJ:6JtttB«>W»S:*i" 
^0-CfeSo 

50 [019] *j6W^r/^^l-J:SJtjKB^»]»Sr^i" 
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[02 0] *«W©f/<-f^irJ:S)tftB«>lMPl:*+ 

[02 2] T-tu?-? ! 4iSf>i'&mz.1&%£HZ>*% 
[02 3] T-fuf-fj -;?/^|Si:ttfflW5« 



40 



[02 4] TtDy-f^^^^Wffl^^*! 
Wwl£tero^li£^1-ift9i0T-fc 5 . 

[02 6] ^;w7t7-ffi:«fflSn5*«flrof)S 

[02 7] #3glJ]WT'W*K»LT)fcOAdi;fc£fffc 
5^5#?»»»K*-v«)RW0-Cfc5. 




[02] [015] 
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l&ttJH] ¥fiK9¥8^ 1 B 
[*mWE 1 1 
[4|jE#*ftSi«] HM* 

HiiErt*! 

. [flt*9i] &*SIH»fiATfWiri-SJ:5U:»*S 

(30) 7M t^tfWBWWSS^W^SK^M * 

3TJI(18)rt-C3ft«rIHCr«!>afc»l::«B 
2o©#Bl Ci&fcJi (16,32) ©Wlrf-VK 
^5yf-$ftfcM*R83T&^j£-f5»(18)fc£*. (b) 
T i"f ©AS-* ©8M6I8(30) Sr»rti-5W(20)*»*jS[K3 
Tl08)SrS-V^TMU ! T*5 1 9 < $i**(20)^ ^SK = T 
■ (18)©H*r*fciMe< 4 t1.5T@*Jfflff*Sr*1" S 
4 »0^5W«I6(30)OIB*** 

Jf (18) *-t-STO*«J» (30) l o*« 4 , * 

iroi«i^l©iSEJ;nifi'\ <i*©*&«§(30) 
a»o$S7 W4it(20)4&£tfSB2©£#4&#LT 
*>9, WWtt&aTKlB)**^*— K*tift(16. 18, 3 
2)©-tr0*>i), BCii«!>Ji(16.32)«r^UTBl»**i 

(18)Rtf*BJi:r»«(16. 32)ASJ:9**<oaM*-K 

[flt*$2] (a)W«K(30)*««5A.*«IS:*L., <b) 
JB 1 © = 7 fc##SB 2 © 37f«Ol $ ©25%^TT-*) 
9 % (c) 3 7 (18) RWJtM C r. fc« (1 6. 32) ©3fc* ©ffltfr 



WWW** 1 . KWCOftOWGHMi-ttS 
^®Jr*©^ki-J;oT. «t 0 S&©£IS*~ K©iS 
i 5 trR?+£*vo^st#>£ i Kta«c© 

* iffiifr £8E!g (30) z w zstemmo^nft^Mm®. 

Kf/^^tfcoT, (a) r /<W * (10) as^iSftomri* 
1*5 9. 3T»(18)rt-C*S:BBCwft5 

fcfclc&fflfr $Sr^r-t * 2 o©)t^ CiifeJf (16, 32) © 

g-^.. (b)7W ©fi* ©ag&B (30) Sr^fifc-fSifcttO) 

= 7* (18) SrHVCffitTC** 9 , $81(20) 
**BarJi<l8)©JB*f*Sr / ><c< tti.5TB5B*f 

©ra&3fc^toiwl£&-f •£ <t 5 tM^nris 9 v W7 

W©j@*©^B* 5 l 0 AjfcrSBiRflSivCia'IK (d) 
®Stlg3 7i (18) *s-r-<T©«jKK (30) difcil&Sfl 1 © 

& & (30) W«57Wtl (20) 4 SrStf IB 2 ©gj« 4 
£#LT*JtK WW*IS3T108)^^^— K«» 
(16, 18, 32) ©-SBT-fc 9 , C&feS (16, 32) Sr^ t T 

(f)*«K(30) 4^«KK'-A*5n5»W(40) 4*5, 

w«K(30)rt*e«i-5*^*irw^iii--ffinB*--Kic 

[t»**4] *flETi'>fW#*«JS(30)#, 
S#^|6)©4J.L^C*rLT3SWT©ffl^ASl?A^$ 

*>t> 3 ©v^-f tvri>-JllcfEilt©T^-i' 
[»#f5] )»E3TJi<i8)^MiE«Bttttft«Jt**' 
LT*^, 2pffiffi3fe$H/c^«^^©[011-]^ B B B fe 

ISi&W (40) tt-t ©m#^ * h ^ r [01 1 ] *£al Wrli 
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(28) 



ttH¥l 0-62825 



[ff*«6] ft (20) TWIli^mftJt^Wtftt^ 
$ ftfc*«»fc'<>f 7 * ^Ite4*jfi« (3 

WTu-frt«>#»»K(30)«>B*2AaT-e*o* * 
«tto*i,s&* 3 x »t wsw^«t 5 linn JtitiJ o > 

(b) ft (20) # 3 r Ji (1 8) (Dm £ < 1 1 80% Sr^tf 

*«SrJH^TiiVT*J9, (c)W»*3Tl(18)*|Sl 
(16) 2 (32) ^PSC^I^rW^K^yf 

S 3 T * (18) t %m C w AH (16, 32) t ORB (Oft 
< fcto.30!BJBl>r*» J #ftUX*5 0, (d)«^T 
tt» t » *) & o »<&^W& k vmifpte < t 4> i . 5(7) jg 

B»***#ftUT*J!9. (e)»jR«3T«(18)**« 
fl^-fri-— H (16,18,32) O-gPTfoO, m#^Sl^I-f 
5rifci5»«*-t3TfflSJiKa9, (f)**«(3 
0)XW3feHi:w»Jl(16 i 32)<OJB*r*a s , J:9i«»^* 

&b^- K**«»(3o) rt-cana-ta ± 5 ^»*sn, 

[»**7] =T*(18)Xl5*l«)*PBi:c»Ji(16) 
ftS0£ x<l T*fc£Gai-xAUAs^tf>¥^#JlT*&6fi#*i 

8 1 JB 2 0>%M C w *S (32) »mtlM *TJ3 
(18)te*M-SS/3 jy h*-*ttT?fca»#*7l;:E*0 

[W**9 ] **« = rJl(182)*j|«tt*J:* K— 7" 
©GaAs^fcrict). JtBBCafeJIdeO. 164)#GaAIAs*>& 

lW#Jfil 0] 7M (580) Oft»*B (582)^7* 
7^^Affl*^«(564, 566) £#1" £tit#JS 1 KE«tO 

V 

EMftKl l] *SB(30)j&s, K(3 
flJtUW*^ K^y K*c«tt*ixfc*j»(33)S:^L-C/< 

-<T^«rffi-efc9. *yK^y K(34mx/M*(io)<z> 

»«B(30)iR***oHH^Eli*n, W»(33)ttx/< 
^X(10)O3tA*«*(41)tCbfcoTi£U { T^S»*« 

[tt^9 1 2 ] g£#&B (222) 7 U>f OAAIIC 

&B (222) O^i" ft*>> lo(Uo T££*Tfig-eEo££ 
®&B7 u>f ^Sfert pT«4> -f V@»f n (46) «r*Tt 
3»#Jg l a><b l 1 m^^-^t-ESt^r'^ x Q 

1 3 ] g^^KB (232) # AAflW* 
l««:*rl-*8*#*i 2i:Etof^^. 

4] *ii3t«(404)lcJ:«9Bait$ix*«ft 



3t#W««B7u-f (Wi-W7)t, *ii«EK (Va) irJg 
«tjnti>5»fStS7W (V1-V7) ^fr^TU 
(Oo-D?). tSr^tr«ft**ft^-A3ertSSt(400) 

(400) tMxt^* (Do -D7) ©spaBlcisv^TSRrt 

&>£&B (Wn ) <£>m*I (Vn ) £ it, R«fii tt, 
na«TWO««Ofc«r*U L 

R§£g (400) tf^tU- £ 9 *ii«ffiiR(VA) ic ± 5 & £ft 

fcT^n^A^I-JSSSU #^^T7 L ^^(Dn)(7)B8|tlI 

[»#Sl 5] #XX^^(Dn)7)SxV^^CDB8#t(I^ 
* * (Dr) VcX&Wl (426) II 

rr^ (Dn) itiTf ^ ^ 1 4 

1 6] «ftB0ln)^, *a«E8R(VA)±o» 

mEi^^^ urm 1 ^ ^ (do) orrh a*<T*>*t5 £ 

(C1-C7) ^fe^$ttTt^»*:«i 4ifciii 5(cE 

[BI*3Sl 7] rf^T U-T (430,440)^~^tc-C 

6!f *g 14^16 C7)v^n7i^ 1 «lcE<ft«>r 

[tt*4Cl 8] 3Hfa*«(458)^b**r«B-r6J:5 
(cEtt £ ftfc«*tt IC/M T ^ (452) r 

-V4)^j»ficSttfc*^^^rx«ffi (m1-m4) 

9] ^7^g (V1-V4) ^2it»^l- 

4±> W*»OU**, *4T*¥Wl (V1-V4) 

^S: (468) ^J;oT*W*5J:t«iDjtS*u6«»*ai8lc 

I»**2 0l *9#9/^T^«ffi (502i-502s) 
tK tt*A*(514)^l««S*Ufcf-*--y(612)fc»*1" 
5*^^^^ (5121-5124) lCj:oTS^c^tU> * 

v (512) LfdH-^co^^T 0 y y ^^ft 3 
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